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CANDOR

Instrumentation

@ Primary Engineering Effort thus far...

@ Be/Bi Filter through Sample Stage
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CANDOR

Instrumentation

@ Major Assemblies

@ Be/Bi Filter v Dogble Converging
Guide

@ Single Slit Aperture

@ Vacuum Jackets
>6 Angstrom

€

Deflector @ Sample Stage
@ Mezei Polarizer @ Shielding
@ /nstrument Shutter N Ezg:nmgt';'nep“tm”
® RF Flipper @ Along Pre-sample
@ 6 Slit Aperture Instrument

@ Peripheral
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CANDOR

Instrumentation

@ Be/Bi Filter
@ Cooled to liquid nitrogen temperatures
@ 8 inches Beryllium — eliminate < 4 Angstrom
@ 8 inches Bismuth — eliminate gamma rays

Parts in-house I Shielding design not started
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CANDOR

Instrumentation
@ 3 Pre-sample Vacuum Jackets

L 20 BN BN B <

Alum plate (0.5”) - 2 sealed volumes due to Instrument Shutter
Magnesium windows on ends

Windows added for guide adjustment/alignment

High level design / FEA complete

Next step — detailed design
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CANDOR

Instrumentation
@ VVacuum Jacket FEA Results

Stress
von Mises
Ibf/(in*2)
8008
7207
6406
5606
4805
4005
3204
2404
1603
802.5
1.949

Displacement
Magnitude
in
0.02529
0.02276
0.02023
0.0177
0.01517
0.01264
0.01012
0.007586
0.005058

0.002529 \
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CANDOR

Instrmentation

@ X-Deflector - wavelengths > 6 Angtroms

@ Simulation and analysis performed by Jeremy Cook

@ X-shape of inner silicon substrate optimal with large angle to
beam and m=3

@ Eliminated >10 Angstrom deflector
@ Preliminary SOW complete
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CANDOR

Instrumentation

@ Contents of Vacuum Jacket #2

@ Mezei Polarizer
@ Design based on Spin Echo Demonstration Piece
@ Double-V configuration, nonmagnetic substrate, m=3
Polarization perpendicular to direction of beam
Maximum length=3.5M, made in 2 sections
Blank guide section
Preliminary SOW complete

v
v
v
v
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CANDOR

Instrumentation

@ Polarizer — Magnetic Field Cavity
@ Analysis performed by Ross Erwin
@ Gauss — 500+
@ Magnets at 1/3 — 2/3 height

Zheight mm

Perpbeam mm

* Neodymium magnets
* Soft steel plates AN

ler Center for
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CANDOR

Instrumentation

@ Polarizer Guide Alignment
@ Faro laser tracker
® Nonmagnetic SMRs, nests and aluminum retainer

Enlarged retainer
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CANDOR

Instrumentation

@ Contents of Vacuum Jacket #3
@ 6 slit aperture
@ Double converging guide

ot
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CANDOR

Instrumentation

@ Six Slit Variable Aperture
@ Slits — 1Imm thick °Li glass
@ Each slit rotates independently
@ Entire assembly translates in and out of beam
@ Next step — build prototype
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CANDOR

Instrumentation

@ Double Converging guide
@ 3.9 meters long
@ Elliptical configuration not finalized
@ Top, Bottom and Sides are 4 stand alone assemblies
@  Mirrored aluminum

@ 8 flat guide plates per assembly
@ Use of adjustment screws and laser to align each plate

@ Sides assemblies rotate in and out

o }'op and bottom assemblies are stationary but capability remains to rotate them in
uture

Top guide assembly I-beam sur)port\l,

i Elliptical profile for mirrored surface
i N
- \ Hinge Assembfy
-~

N\ 1 NIST center for

Neutron Research

Sides o eh to Scm Sides close to 1rhm /
15 e o “ AN



CANDOR

Instrmentation

@ Single slit aperture
@ One pre-sample and one post sample
@ Slits - °Li glass encased in magnesium (due to

radioactive tritium)

Post-sample
Pre-sample
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CANDOR

Instrumentation

@ Detector Arm Rotation
@ Rotation of -10 to 140 degrees
@ Large bearing at sample stage
@ Rack in pinion drive — design in process

-10 degrees
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CANDOR

Shielding

@ Shielding Analysis — Jeremy Cook

@ Thermal Neutron Bean Dump (TNBD)
@ °Ljglass encased in magnesium
@ Spring assembly
@ Detector arm rotates TNBD out of beam

TNBD rotated out

TNBD in-line with beam

NlSI' Center for
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CANDOR

Shielding

@ Pre-sample Shielding Along Beam

@ G100 wall to filter — 12" thick SSW & 4” thick HDPE
@ Filter £ 2" —15” thick SSW

@ Deflector / Polarizer — 12” thick steel

@ Converging guide — 15” SSW

\ NlSI' Center for
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CANDOR

Shielding

@ Peripheral Shielding

@ Shield inline with beam — 12" thick plus enhanced
gamma shielding

@ Arc of shielding added — North End — 6” thick
@ User area shielding — 12” thick

AN
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CANDOR

Scope and/or Price Changes Since 2009

HOPG CRYSTALS FOR ANALYZER - $360,000
ELECTRONICS FOR DETECTOR -—-- $610,000
VACUUM JACKETS 11 WEEKS $350,000
SHIELDING (HAD ASSUMED USE OF EXISTING SHIELDING) 13 WEEKS S400,000
CONVERGING GUIDE— ALUM/ELLIPTICAL 2 WEEKS $115,000
DETECTOR ARM ROTATION 7 WEEKS S50,000
THERMAL NEUTRON BEAM DUMP 4 WEEKS $10,000
RF FLIPPER MINIMAL S5,000
POST SAMPLE DIVERGING GUIDES — HELIUM FLOW THRU 2 WEEKS $20,000

N | NIST center for
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@ Scope changes are not critical path

CANDOR R&D

‘ CANDOR Panel Review —9/28/2009
CANDOR Design

CANDOR build

Detector R&D

énalyzer/

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
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CANDOR

Schedule

@ Long lead time items — All guide elements, Detector R&D
@ Mechanical Design and Fabrication —6/2015
@ Phase | Completion - 6/2016

CANDOR 06-04-12 Thu s/zn/u
Tash Name T Stan Fnish. 12008 2010 12012 201 - —
| | 3lovalor1lov2loralaraior1[ar2ior I 4] Qu 1100 2[Ox 3 [Ow s Qu 1 [Qw2lQr3Towa G 11Qk To s ow1on2[0r I HCTEIC
CANDOR 06-04-12 Thu 6128107  Mon 5/16/16| - — - -
CANDOR-NG-1 Thu6/28/07  Mon 5/16/16
CANDOR CONCEPTUAL DEVELOPMENT Thu6/28/07  Tue 10/7/14
CANDOR Specification Development Thu6/28/07  Tue10/7/14
v CANDOR conceptual layout Thu6/28/07  Mon 4/7/08|
v CANDOR Conc Design Report Produced Fri 3/7/08 Fri 4/11/08|
v CANDOR Conc Design Report Approved Mon4/14/08  Fri4/18/08)
v CANDOR Top Level Spec Do Produced Mon8/18/08  Wed 10/22/08
v CANDOR Top Level Sepc Doc Approved Thu9/24/09  Wed 10/14/09 %
v CANDOR PEP Produced Mon 8/4/08  Wed 10/22/08
v CANDOR PEP Approval Wed 10/14/09  Wed 10/14/09| L Y
v CANDOR PG Crystal R&D Frig/15/08  Mon 6/13/11] N
CANDOR scintillator detector RE&D Tue6/14/11  Tue10/7/14
CANDOR PHASE | Mon 10/1/07  Mon 5/16/16)
MECHANICAL DESIGN AND FABRICATION Tha7/3/10  Fi5/29/15
Be/B Filter Thu 7/1/10 F1i8/9/13)
6 position variable aperture (presample) Mon9/13/10  Tue5/28/13
Create original project schedule in microsoft project Mon 2/14/11  Mon 3/21/11 -
Deflector (>64) Wed9/1/10  Thu 4/18/13
Mezei polarizing & blank guide cavities Wed9/15/10  Thu’5/30/13
Monochromator Tue11/1/11  Thu10/3/13 S ——
Beam Shutter with shielding Mon10/17/11  Wed 6/12/13 ———
RF fiipper Mon 3/4/13 Fi7/5/13) —
7% Double-Focus Converging Guide Mon2/27/12  Tue10/22/13 P ——
9% Pre-sample Vacuum Jackets and Stanchions Mon3/s/12  Tue1/1/13 —
o% Pre-sample instrument shielding Mona/1/13  Fri12/6/13 T—
% Single position variable aperture (pre-sample) Mon4/16/12  Fri12/27/13) —_—
9% Sample Stage Wed2/1/12  Fri1y/s/13 —_—
3% detector/analyzer rotation Wed6/1/11  Wed 3/26/14
% Single position variable aperture (post sample) Mona/16/12  Fri12/27/13| P —
o% Wed8/1/12  Wed 9/25/13 P—
™ Supermirror diverging guide section (pre-helium 3 polarizer) Sun1/15/12  Tues/14/13 P —,
o% Helium-3 Polarizer Thu8/1/13  Wed3/5/14 P—
o% Supermirror diverging guide section (post-helium 3 polarizer) Mon 4/15/13 Fi'5/3/13| hd
% Periphial instrument shielding Mon5/21/12  Wed4/23/14 R —
o% 30 aperture mask Mon9/2/13  Fri1/24/14 —
o% Analyzer (PG array: S banks of 6 channels w/54 PG crys each) Mon10/7/13  Fri5/29/15) —
o% ELECTRONICS DESIGN AND FABRICATION Mon4/28/14  Fri9/11/15 —
o% SOFTWARE DEVELOPMENT Mon 4/28/14  Mon 12/28/15| P—
2% PROCUREMENT Mon 10/1/07 Fri 3/a/16
100% v Be/Bi Filter (procurement) Thu8/19/10  Mon 6/27/11] P—
o% Deflector (>64) (proc) Mon11/5/12  Fri12/6/13 O———
o Mezei polarizing & blank guide cavities (proc) Mon11/5/12  Thu7/3/14| —_—
o Double-Focus Converging Guide(proc) Mon11/19/12  Wed2/5/14 —_—
100% v Sample stage (proc) Mon 10/1/07  Tue 6/24/08 P—
o% Diverging guide section (proc) (Pre-He3 Polarizer) Wed5/8/13  Wed 11/6/13 —
o% Diverging guide section (proc) (Post-He3 Polarizer) Mon 4/29/13  Mon 10/28/13) P—
o% Analyzer (proc) Mon 3/11/13 Fri 3/4/16
o% ASSEMBLY AND TESTING Mon12/9/13  Fri5/13/16
o% INSTAULATION Mon 1/13/14  Mon 4/11/16)
0% COMMISSIONING Tue 4/12/16  Mon 5/16/16,

\ ler Center for
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CANDOR

Budget

CANDOR Budget Summary 6/5/2012
Be/Bi Filter with Shielding $87,000
Deflector (> 6 Angstroms) w/translation $120,000
Mezei Polarizer with Magnetic Cavity &

Blank Guide w/translation $230.,000
Beam Shutter and Shielding $90,000
RF Flipper $15,000
6 Slat Variable Aperture with translation $50,000
Double-Focus Converging Guide $190.000
Pre-sample Vacuum Jackets & $400,000
Stanchions
Pre-sample Instrument Shielding $350,000
Pre and Post Single Slit Aperture $20,000
Sample Stage $147,000
Detector Arm Rotation $50,000
Post-sample Diverging Guides
w/Magnetic Field $130,000
Helium-3 Polarizer w/translation $100,000
30 Aperture Mask $20,000
Detector / Analyzer Support/Shield
/Helium Enclosure $65.000
Detector / Analyzer Module Breakdown

Scintillator §715

Fiber Optic $165

Mechanical Structure $4.400

HOPG $20,350

Electronics $31.350

Total Price Per Module $56.,980
Detector Analyzer Module * 30 Modules $1.709.400
Peripheral Shiclding $50,000 \ NIST center for
Total | 3,823,400 | Neutron Research
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CANDOR

Budget

2007
2010
2013

2014

2015

SAMPLE STAGE (HUBER GONIOMETERS)
BE/BE FILTER

BE/BI FILTER SHIELDING, 6 SLIT APERTURE, >6A

DEFL, MEZEI CAVITY MECH, BEAM SHUTTER, RF

FLIPPER, DOUBLE FOCUSING MECH, SINGLE SLIT
APERTURES, SAMPLE STAGE

MEZE|I GUIDE, DOUBLE FOCUSING GUIDES, VI
AND STANCHIONS, DETECT ARM ROTATION,
DIVERGING GUIDES, HE3 POLARIZER, 30
APERTURE MASKS, SHIELDING

DETECTOR / ANALYZER SYSTEM

$107,000
$42,000
$440,000

$1,460,000

$1,774,000
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